, using glabellar tap stimulation, first demonstrated two separate components of the orbicularis oculi reflex: an early ipsilateral reflex and a late bilateral reflex. Rushworth (1962) and Gandiglio and Fra (1967) subsequently showed that electrical stimulation of the supraorbital nerve also evokes an early ipsilateral and a late bilateral reflex in the orbicularis oculi muscle. Standardization of the latter technique by Bender, Maynard, and Hastings (1969) and by Kimura, Powers, and Van Allen (1969) has led to its clinical application in the evaluation of lesions of the facial (Bender et al., 1969; Kimura et al., 1969) and trigeminal nerves (Kimura, Rodnitzky, and Van Allen, 1970) and in polyneuropathy . Subsequent studies have demonstrated central delay of the orbicularis oculi reflex arcs in multiple sclerosis (Kimura, 1970; Namerow and Etemadi, 1970 ), brain-stem neoplasms and syringes , and vascular lesions of the brainstem ; (Kugelberg, 1952; Tokunaga et al., 1958; Rushworth, 1962; Gandiglio and Fra, 1967) . Investigation of the orbicularis oculi reflex in coma is the subject of this report.
METHODS
Methods for studying the orbicularis oculi reflex and normal latency values (Table) have previously been reported by Kimura et al. (1969) . The facial nerve is stimulated just anterior to the mastoid process eliciting the direct motor response of the orbicularis oculi muscle (Fig. 1 ). The supraorbital nerve is then (Table) were compared with clinical assessments of brain-stem function (pupillary, oculocephalic, oculovestibular, corneal, and gag reflexes). Post-mortem examination of 11 of 17 patients who died included preparation of serial 3 mm thick blocks of the mesencephalon, pons, and medulla. Multiple 5-20 ,u thick sections from each block were examined microscopically utilizing a battery of stains.
RESULTS
Of 48 cases included in this study, coma was due to supratentorial lesions in 21, brain-stem lesions in four, anoxia in two, and metabolic encephalopathy or drug intoxication in 21.
SUPRATENTORIAL LESIONS Of the 21 cases with supratentorial lesions (16 neoplasms, two abscesses, two haemorrhages, and one infarct), cases 1 to 17 (15 neoplasms and two abscesses) had varying degrees of central facial paresis and hemiparesis with preservation of clinically elicitable brain-stem reflexes. Orbicularis oculi reflex studies showed uniform findings in all cases. The early reflexes were normal bilaterally, while the late reflexes were absent or of such minimal amplitude as to be indistinguishable from the baseline (Fig. 2) . Post mortem examination in two instances (cases 1 and 2) confirmed supratentorial mass lesions and demonstrated no gross or microscopic abnormalities of the brainstem.
In two subjects (cases 18 and 19) supratentorial lesions were complicated by signs of unilateral uncal herniation causing ipsilateral oculomotor nerve paresis in addition to contralateral central facial paresis and hemiparesis. The contralateral pupillary reflex and reflex ocular movement and the bilateral corneal and gag reflexes were preserved. In both cases, the early orbicularis re- Fig. 3 ) with absent late reflexes. Repeat study of orbicularis oculi reflexes after transtentorial herniation with associated absence or marked diminution of all clinical brain-stem reflexes showed the early reflex to be no longer present on either side (20-B in Fig. 3 ). The late reflexes remained absent. Necropsy confirmed bilateral transtentorial herniation with secondary Duret haemorrhages in the mesencephalon and rostral pons (Fig. 4) One subject (case 24) was a diabetic woman who developed signs of basilar artery thrombosis with diplopia and dysarthria followed in two hours by coma with pinpoint pupils and loss of all clinical brain-stem reflexes. The early and the late orbicularis reflexes were absent.
Another subject (case 25) was a hypertensive woman who abruptly developed signs of a leftsided pontine lesion. Examination showed right hemiplegia with a left peripheral facial palsy. There was minimal withdrawal response of the left extremities to noxious stimuli. Pupils were pinpoint with minimal reaction to light. Oculocephalic and oculovestibular reflexes were absent. The corneal reflex was diminished on the right and absent on the left. The gag reflex was diminished. The early orbicularis reflex was absent on the left and delayed on the right (25-A in Fig. 3) . The late reflexes were absent. The patient gradually made a remarkable recovery. At discharge, she was able to walk despite a moderate right hemiparesis. A moderate left peripheral facial paresis, paralysis of conjugate gaze to the left, and internuclear ophthalmoplegia evident on right lateral gaze were the only other residual deficits. The left early orbicularis reflex remained absent, while the right early reflex had returned to normal (25-B in Fig. 3) . The late reflex on the left side was absent, while the late reflex on the right side was normal regardless of the side of supraorbital nerve stimulation (left efferent block) indicating the involvement of the left facial nucleus.
ANOXIA In two subjects (cases 26 and 27) with acute renal failure, initial studies, when the patients were mildly obtunded but without other deficit, showed the early orbicularis reflexes to be normal. Subsequently, both patients experienced cardiorespiratory arrest requiring resuscitative measures. In neither case was adequate spontaneous respiration restored and artificial respirator assistance (case 26) or maintenance (case 27) was required. Both patients were comatose with dilated fixed pupils with no clinically elicitable brain-stem reflexes. Electroencephalograms showed diffuse low voltage slow activity in one instance (case 26) and an isoelectric record in the other (case 27). Repeat orbicularis oculi reflex study showed the early and late reflexes to be absent bilaterally in both cases. Necropsy in case 26 revealed no gross brain-stem abnormalities but microscopy demonstrated severe homogenizing necrosis of neurones throughout the brainstem.
METABOLIC-TOXIC Twenty-one cases with metabolic or toxic coma (eight uraemic and two hepatic coma, seven barbiturate and three glutethimide intoxication, and one carbon monoxide poisoning) were studied. Clinically elicitable brain-stem reflexes and spontaneous respiration in cases 28 (barbiturate intoxication) and 29 (glutethimide intoxication) were initially absent or severely impaired but later recovered. In these, the early and late orbicularis reflexes were initially absent (28-A and 29-A in Table) , but returned to normal (28-B and 29-B in Table) as the patients eventually made complete recovery. In the other 19 (cases 30-48) with preserved clinical brain-stem reflexes and spontaneous respiration, the early orbicularis reflexes were normal but the late reflexes were either absent or of minimal amplitude (Fig. 2) 
